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XMEBQgED RAT.TOOW roWyiGORATION 
FOR ATHRRgCTOMY gXTgRTOR 
BXCKBROOMD OF THK IMVBITTOW 
1- Plftld Of thft InVfifcion 

The present invention relates generally to the 
construction of catheters capable of being introduced 
into a patient's vascular system. In particular, the 
present invention relates to athereetoay devices which 
use an inflatable balloon for effecting contact between 
an interventional or diagnostic iapleaent and the blood 
vessel wall. 

Atherosclerosis is a condition characterized by 
fatty deposits (atheromas) in the intimal lining of a 
patient's blood vessels. Atherosclerosis can have many 
manifestations, including angina, hypertension, 
myocardial infarction, stroJces, and the like. Initially, 
the atheromas deposited on the blood vessel vails remain 
relatively soft and tractable. Over time, however, the 
soft atheromic matmrlal becomes a calcified and hardened 
plaque. Regions of the blood vessel which are blocked by 
atheroma, plaque, or other material are generally 
rmtmrrmd to as stenoses, and the blocking material as 
stenotic material. 

Athereetoay is a procedure which has been 
developed for removing stenotic material from the 
vascular system, usually before substantial calcification 
has occurred. Atherectomy procedures can utilize a 
variety of special catheters having severing instruments 
located at a distal end thereof and, often, an inflatable 
balloon for positioning the severing instrument. 
Usually, the catheter is located within the vascular 
system so that the severing instrument lies adjacent the 
stenotic region, and the balloon is inflated to bring the 
severing instrument into close proximity to the stenotic 
aaterial. The severing instrument is then actuated to 
excise the released portion of the stenotic material, and 
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thm severed material capturad to pravant tha ralaaaa of 

aaboli. 

The saver ing incftruaant on tha atherectomy 
catheter can taXe a variety of forms, including fixed 
5 blades (requiring movement of the entire catheter to 

effect cutting) and movable blades vhich can be actuated 
within a stationary housing at the distal end of the 
catheter. Of particular interest to the present 
invention are atherectomy catheters of the type described 

10 . in European Patent Application 163 503, ovned by the 
assignee of the present invention* Such atherectomy 
catheters include a cutter housing attached to the distal 
end of a torgueabla catheter body. A circular cutting 
blade is disposed within the housing and secured to the 

15 distal end of a rotatable drive shaft. An elongate 

aperture formed on one side of the housing allows the 
intrusion of stenotic material which may then be severed 
by rotating and axially translating the cutting blade. 
An inflatable balloon is disposed on the side of the 

20 housing opposite to the aperture so that the housing can 

be tirged against the stenotic material on a blood vessel 
wall. 

Although such atherectomy catheters have 
enjoyed substantial success and acceptance in the medical 

25 community, expansion of the positioning balloon required 

to laterally shift the cutter housing can have undesired 
effects on the adjacent blood vessel wall. For example, 
if the blood vessel wall in contact with the balloon is 
generally healthy, expansion of the balloon can cause 

30 daaage. If, as is more liJcely, there are deposits of 
stenotic material on the blood vessel vail in contact 
with the positioning balloon, expansion of the balloon 
can compress the stenotic material in a manner similar to 
that of an angioplasty balloon. While such compression 

35 is not necessarily harmful, it renders subsequent 

excision of the stenotic material using the atherectomy 
catheter much more difficult. 
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A morm ••riou« shortcoming of previous 
atheracrtoay positioning balloon* has b««n an inability to 
stably position tha housing during ths atherectony 
procadura. For axaapla, in tight stanotic ragions, 
expansion of the positioning balloons can causa tha 
cuttar housing to ba longitudinally displacad from its 
original position, randaring tha dasirad cut problematic. 
Horaovar, tha stanotic material itself may be dislodgad 
from its original position, which can interfere with 
positioning of the cutter housing and, in a worse 
instance, cause the release of stenotic material into the 
blood flow. 

For these reasons, it would be desirable to 
provide iaprovad positioning balloons for atherectomy 
devices and other catheters. It would be particularly 
desirabla to provide positioning balloons which would 
allow for stable positioning of a cutter housing or other 
interventional device within a blood vessel within a wide 
variety of conditions. Moreover, it would be desirable 
if such position balloons were inherently lees likely to 
damage or dilatate a blood vessel during performance of 
an interventional procedure. 

3* DtecrlPtion of the Backmround Art and Itelat^i 

European Patent Application 163 502 is 
discussed above and corresponds to copending U.S. Patent 
plication serial no. 07/298,846, the disclosure of 
which is incorporated herein by reference, similar 
atherectiomy catheter designs which employ inflatable 
balloons for positioning a distal housing are described 
in U.S. Patent Nos. 4,669,469; 4,771,774? and 4,781,186, 
and copending application serial nos. 07/243,397; 
07/045,916; and 07/117,072, the disclosures of which are 
incorporated herein by reference. Angioplasty and other 
vascular catheters e^loying spaced-epart balloons at 
their distal ends are described in U.S^ Patent Nos. 
4,573,966; 4,610,662; 4,636,195; and 4,794,928. 
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According to thm pras«nt invention , a cathatftr 
comprisas a flexlisl* cath«t«r body having a proxiaal and 
and a distal and. An alongata houaing having a proxiaal 
5 and and a distal and is aacurad at its proxiaal and to 

tha distal and of tha cathatar body, and at laast tvo 
spacad-apart inflatabla chaabars ara locatad on ona sida 
of tha housing at tha proxiaal and distal ands, 
raspactivaly* A davica for intaraetlng vith tha 

10 anvironaant surrounding tha cathatar . boosing, typically 

an atharactoay blada or an iaaging davica, is providad on 
a sida of tha hotising opposita to that of tha inflatabla 
chaabars. A naans is providad for inflating tha 
chaabars, aithar saparataly or siaultaaaously, and tha 

15 cathatar houaing aay thus ba urgad in tha diraction of 

tha intaractional davica. «ia spaoad-apart configuration 
of tha inflatabla chaabars has a nuabar of advantagas. 
saparation of tha inflatabla chairidars providas graatar 
positional stability for tha cathatar housing within a 

20 blood vassal. In particular, tha aaparata inflatabla 

chaabars raducas tha likalihood that tha housing vill ba 
"squaazad" froa a ragion of stanosis as tha chaabars ara 
inflatad. A particular advantaga of tha spacad-apart 
inflatabla chaabar configuration is that tha liXalihood 

25 of dilatation and daaaga to tha blood vassal is graatly 

raducad. 

In a first spacific aabodiaant, tha tvo 
ixiflatabla chaabars ara intarconnactad so that inflation 
by a coaaon inflation luaan rasults in tha substantially 

30 slaultahaous axpansion of both chaabars. la a aacond 

spacific aabodiaant, inflatabla chaabars ara isolatad and 
inflatad by saparata inflation luaans. Such a dasign 
allows tha chaabars to ba aaparataly axpandad, anhancing 
tha ability to poaition and laval tha cathatar housing 

35 within tha blood vassal. In a third particular 

aabodiaant, tha two inflatabla chaabars ara dafinad by a 
singla inflatabla bladdar whiai is dividad by an alastic 
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coMtrictiv^ mmtomr. Such a dMign allows for saparats 
axpansion of tha chaaben initially and for aubsaqusnt 
expansion of tha antira bladdar by raising the inflation 
pressiira abova a pradatarminad thraahold laval. 

According to tha mathod of tha prasant 
invention, a catheter housing having an aperture on one 
side is positioned proxisate a stenosed region within a 
patient's vascular systea. A pair of axially spaced- 
apart inflatable chaa^bers located on the side of the 
housing opposite to that of the aperture is inflated in 
order to urge stenotic material into the aperture. A 
cutting blade is then translated across the apertiira in 
order to sever the stenotic material. The inflatable 
chambers may be inflated to the same or different 
pressures, depending on the nature of the stenosed 
region, optionally, a third segment or chamber located 
between the proximal and distal inflatable chambers may 
be inflated on appropriate to improve the positioning of 
the catheter housing within the blood vessel. 

HRIgF nKBTWTPTTOW Q9 THK DRMmica 

Fig. 1 is a perspective view of a catheter 
constructed in accordance with the principles of the 
present invention, shown with portions broken away. 

Fig. 2 is a side elevational view of the distal 
housing of the catheter illustrated in Fig. l, shown in 
cross section. 

Fig. 3 is cross-sectional view taken along 
line 3-3 of Fig. 2. 

Fig. 4 is an elevational view of the distal end 
of an alternate embodiment of a catheter constructed in 
accordance with the principles of the present invention, 
where first and second inflatable chambers are expandable 
to different diameters. 

Figs. 5 and 6 are elevational views of the 
distal end of a second alternate embodiment of a catheter 
constructed in accordance with the principles of the 
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pru«n^ invention, vhare first and ••cond inflatable 
chanbars are saparated by an alaatic constrictiva oaaber. 

Figa. 7 and 8 ara alavational viawa of tha 
distal and of a third altamata aabodlMiit of a cathatar 
5 conatructad in accordanca vith tha principlas of tha 

prasant invantion, having first and aaeond inflatabla 
balloons prasant in a nastad configuration. 

Pig. 9 is an alavational viaif of tha diatal and 
of a fourth altamata anbodiaant of a cathatar 

10 conatructad in accordanca vith tha priaelplaa of tha 

prasant invantion, aaploying aaparata inflation lunans. 

Figa. 10-13 illustrata a particular mathod for 
attaching an inflatabla balloon of tha typa illuatratad 
in Fig. 9 to a cathatar housing. 

15 Figs. 14 and 15 Ulustrata tha usa of a 

cathatar conatructad in accordanca vith tha principlas of 
tha prasant invantion for raaoving stanotic »atarial f ro» 
tha stanoaad ragion vithin a blood vassal. 

n««TT»PTQig C9 fm flPgCITTC HiBQDIlIBBTS 

20 Tha vascular cathatars of tha prasant invantion 

vill includa a flaxibla cathatar body vhich Bay ba 
similar in conatructlon to a vlda variaty of vaacular 
cathatars of tha typa irtiich ara vail taovn in tha art. 
Tha flaxibla cathatar body vill usually coi^risa a vary 

25 flaxibla tuba having proxiaal and distal ands and on or 

mora lumans axtanding batvaan aaid ands. Thm tuba may ba 
fdrmad by axtrusion of an organic polymar, typically a 
tharmoplastic^ such aa nylon, polyurathana, 
polyathylanatarapthalata (PET), pclyvlnylchlorida (PVC) , 

30 polyathylana, or tha lika. Tha tubas so foraad may ba 
rainforcad or unrainforcad, vith raiaforcamant baing 
providad by matal viraa, matal braidad cablas, or tha 
liJca. Tha cathatar body vill typically hava a langth in 
tha ranga from about 60 to 150 cm and a diamatar in tha 

35 ranga from about 3 to 11 F (F; 0.33 mm). For usa in 

coronary applicationa^ tha cathatar body vill typically 
hava a langth from about 120 to 150 cm and a diamatar 
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froa about 3 to 8 F, whilo for parlplioral applications 
tha cathatar body will hava a langth from about 60 to 
110 cm and a dianatar from about 3 to 11 F. 

An alongata houaing having proximal and diatal 
ends will ba aacurad to or formad at tba diatal and of 
tba cathatar body. Tha alongata housing will uaually 
hava a langth in tha ranga from about 5 to 40 mm, more 
uaually baing in tha ranga from about 15 to 25 mm. Tha 
hotiaing nay ba opan, i.a., includa ona or mora aparturas, 
gaps, or tha lika, which allow for unramtrictad paasaga 
of matariala or anargy batwaan tha intarior of tha 
houaing and tha axtamal anvlronmant surrounding tha 
housing, or may ba closad. Tha housing may ba formad 
saparataly or integrally with tha structure of tha 
cathatar body but, in aithar case, will usually provide a 
more rigid atructure than tha cathatar body itself • 
Frequently, tha housing will ba vary rigid, although a 
cartain dagraa of flaxibility may ba dasirabla in certain 
applications. The construction of flexible elongate 
housings is described in U.S. Patant Mo. 4,781,186, tha 
disclosure of which haa pravioualy baan incorporated 
harain by rafarence. Tha housing may ba formad from 
matal, such as stainlaas staal, from a rigid plastic, or 
may be formed by a reinforcement of tha cathatar body 
itself within the region intandad as tha housing. When 
intended for atharectomy, tha housing will usually hava a 
cylindrical croas saetion with an alongata apartura 
^otmmA on ona aida tharaof . A cutting blade will be 
disposed within the housing for translation past tha 
apartura in order to affect severing of atharoma, as 
ganarally daacribad in copending U.S. application serial 
no. 07/298,846, the disclosure of which haa previously 
baan incorporated herein by rafaranca. 

A wide variety of internal coi^nants may be 
located within the houaing in ordar to provide for 
various interactional capabilities, particularly 
intarvantional and imaging capabUitias, such as 
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atharftctooy, lasar ablation, parfosion, tharapautic 
ultrasound, andoacopic imaging, ultrasonic imaging, and 
the like. Tha presant invantion will find its greatest 
use, hovavar, vith side-cutting atharactomy devices of 
5 the type described in copending application serial 

no. 07/298,846, the disclosure of vhich has previously 
been incorporated herein by reference. At least soae 
portion of tha interactional aechanin vill usually be 
disposed on one side of the housing so that the housing 

10 . structure as a vhola is non-synetric. Such non-^^synsetry 
vill usually require that thii catheter be capable of 
rotational alignment within a blood vessel so that the 
external component (s) on the housing vill lie adjacent at 
a preselected region, usually a presalected region of 

15 stenosis, on the blood vessel vail. 

At least the inflatable chambers are disposed 
on a side of the elongate housing opposite to that on 
vhich the interventional component (s) are located. A 
first of the inflatable chambers vill generally be 

20 located distally or forvardly of the interventional 

component (s), vhile a second of the Inflatable chambers 
vill be located proximally or rearvardly of such 
component (s) . More usually, the first inflatable chamber 
vill be located generally at the distal end of the 

25 elongate housing, vhile the second inflatable chamber is 

located at the proximal end of the housing. Inflation of 
the ehaiBbers vill urge the elongate housing in the 
direction of the interactional coi^onents (vhen the 
housing is located vithin a blood vessel) , and such 

30 spaced-apart configuration affords stable positioning of 

the housing durlzig an interactimal procedure, e.g., 
atherectomy. Additionally, the spaced-apart inflatable 
chambers decrease the chance of unintentional dilatation 
of the blood vessel. 

35 The inflatable chambers may be isolated to 

allov for separate inflation or may be interconnected to 
allow for simultaneous inflation, tbe chambers may have 
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^« or different gmammtrimm, and chaab^rs having the 

•aaa gaoutry may hava tha saaa or dlffarant diaanaions. 
Whan isolatad, inflatabla chaabara will usually raquira 
saparata inflation lusana within tha cathatar body, 
although it will ba poaaibla to provida a singla 
inflation luaan which ia branchad at aoma point ao that 
it can connact to tha two iaolatad inflatabla chaabara. 
Convaraaly, whan tha two chaabars ara intarconnactad, it 
will usually ba nacaasary only to provida a singla 
inflation luaan as tha inflation aadlua wiU antar both 
chaabars. It aay ba dasirabla, howavar, to provida two 
(or aora) inflation luaans for radtandancy or othar 
purpoaas. 

Uaually, tha inflatabla chaabars will ba foraad 
f roa a tharaoplastic or thaiaoaatting plastic which aay 
ba foraad into a dasirad gaoaatry by wall-toown axtrusion 
and tharaal ahaping tachniquaa. In aost caaaa, a singla 
bladdar will ba foraad which ia dividad into tha two 
saparata chaabars, but it will also ba possibla to fora 
tha chaabara antiraly saparataly froa aaeh othar. In tha 
caaa of a aingla bladdar or balloon, tha chaabars aay ba 
foraad by controlling tha inflation profila ao that two 
ralativaly larga voluaas ara foraad at aithar and with a 
narrower constrictad ragion tharabatwaan. Altamativaly, 
tha chaabar aay ba foraad with a substantially unif ora 
croaa aaction with a aaparata constrictiva aaabar wrapped 
around tha alddla to saparata a first chaabar froa a 
Mcoad chaabar. Optionally, tha constrictive aeaber aay 
ba elastic so that tha aiddia portion of tha bladdar aay 
ba inflated whan the inflation pressure exceeds a 
predatarained threahold level. 

Depending on the diaenaions of tha houaing, 
each inflation chaabar will usually have a length in the 
range froa about 2 to 15 aa, aora usually being in the 
range froa about 3 to 10 aa, and will ba spaced apart by 
a distance in the range froa about 4 to 30 aa, acre 
usually being in the range froa about 6 to 20 aa. Ths 
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cross*s«etional araas of Mch chaab«r will 9«n«rally 
from about 0.1 to 10 tlBM the cross-^sactional araa of 
the housing, more usually being from 0.5 to 2.0 times the 
cross-sectional area. For cylindrical inflatable 
5 chambers , the diameter will usually be in the range from 

about 1 to 5 mm, more usually being in the range from 
about 1.5 to 3 mm. 

Referring now to ?ig8. 1*3, an atherectomy 
catheter 10 includes a proximal end 12 and a distal 

10 end 14. A manifold connector 16 at the proximal end 12 

includes a conventional rotatable fitting 18 joining the 
manifold 16 to a flexible catheter body 22. An inflation 
poirt 24 and a flush port 26 are provided and connected to 
the catheter body 22, as described in greater detail 

15 hereinafter. A driver connection 28 is attached to a 

cutter torque cable 30 and is able to rotate and axially 
translate the cable, typically using a motor drive unit 
(not illustrated) such as that described in U.S. Patent 
No. 4,771,774, the disclosure of vhich has previously 

20 been incorporated herein by reference. The design and 

* construction of the manifold connector 16 is conventional 
and need not be described further. An elongate housing 
32 is secured to the distal end of catheter body 22 and 
includes interactional means, as described in greater 

25 detail hereinbelov. 

General considerations relating to the design 
and construction of atherectomy catheters are described 
in copending applications serial no. 07/298,846 and 
07/405,906, the disclosures of vhich have previously been 

30 incorporated herein by reference. 

The catheter body 22 is that portion of the 
atherectomy catheter 10 vhich extends from the manifold 
connector 16 to the elongate housing 32 secured at its 
distal end. Catheter body 22 includes a flexible torque 

35 member 34 vhich is fixedly attached to the manifold 
connector 16 so that rotation of the rotational 
fitting 18 vill result in rotation of the catheter 
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body 22 along it» •ntir« longth, furthor rwulting in 
rot:ation of thm alongato housing 32. 

The flaxiblo torque Boab«r 34 will noraally be 
a braided metal cable, typically a etainlees steel 
braided cable, as described in copending application 
serial no. 07/298,846, the disclosure of which has 
previously been incorporated herein by reference, it is 
important that the flexible torque Msber 34 be highly 
flexible, yet reaaln capable of trannitting torque along 
its entire length with a ainiaal loss of transmission 
efficiency. The diaseter of the flexible torque 
meaber 34 will vary depending on the intended application 
of the catheter 10, generally being in the range from 
about 1 m to 4 am, usually being in the range from about 
2 am to 4 ma for peripheral arteries and in the range 
froa about 1 ma to 2 aa for coronary arteries. 

The cutter torque cable 30 extends through a 
luaen 40 defined within the catheter body 22, and has a 
diaaeter generally in the range froa about 0.4 aa to 
1.5 aa, usually being in the range froa about 0.5 aa to 
1.0 aa. conveniently^ the cutter torque cable 30 aay be 
foraed froa aulti -stranded stainless stsel wire, if it 
is desired to pass a steerable guidevire through the 
center, the cutter torque cable 30 should be formed as a 
tube, typically a braided tube, such as a stainless steel 
braid coated with a plastic, such as a urethane. A 
central luaen 42 foraed within the cutter torque cable 30 
will then be available to receive the steerable 
guldewire. 

The luaen 40 is connected with flush port 26 on 
aanifold connector 16. During use of the atherectoay 
catheter 10, the flush port 26 will generally be 
connected to a suitable source of flushing solution. 

Elongate housing 32 is generally a hollow, 
cylindrical structurs which is fixedly attached to the 
distal end of flexible torque aeaber 34, thus forming an 
extension thereof. The housing 32 will usually bo a 
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rigid structure, as d#scrib«d abovs, but may also bs a 
flexible structure* The interactional means carried by 
the housing 32 includes an elongate aperture 44 which is 
formed on one side of th# housing and a cup*shaped 
5 cutting blade 46 which is rotatably mounted within the 

interior thereof. The elongate aperture 44 will 
typically have a length in the range from about 5 nm to 
45 an and a width in the range from about 1 mm to 4 ma. 
The cutting blade 46 is attached to the distal end of the 

10 cutter torque -cable 30 so that 'the blade may be rptated 
and axially translated by manipulation of the driver 
connection 28. 

Although a cup-shaped cutting blade is 
illustrated, it will be appreciated that a variety of 

15 other rotatable interventional elements may be 

substituted. For exai^le, the use of helical cutting 
blades as described in U.S. Patent Application serial 
no. 07/405,906, the disclosure of which has previously 
been incorporated herein by reference may be utilized. 

20 Other interventional elements, snCh as drills and the 
IDce, may also find ume. 

A flexible, open*ended tip 50 is attached to 
the distal end of housing 32, forming a continuous 
interior volume therewith. The interior volume of the 

25 tip 50 is capable of receiving and retaining stenotic 
material which is severed by blade 46 as it is brought 
for%rard within housing 32. Flexible tip 50 also 
facilitates positioning the catheter over a conventional 
guldewlre which is received through lumen 42 in torque 

30 cable 30. the flexible tip 50 Is conveniently formed 
from a braided material, typically braided stainless 
steel, and is attached to the cutter housing 32 by 
conventional means. 

An inflatable bladder or balloon 60 is secured 

35 to housing 32 on a side generally opposite to that of 

aperture 44. The bladder 60 includes a first inflatable 
Clamber 62 located at a proximal end of the housing 32 
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and a second inflatabl* chaab€r 64 located at a diatal 
end of thm housing. Tha chambars 62 and 64 ara spacad 
apart but intarconnactad by a luman 66 which spans tha 
region tharabatvaan. Tha first ehaabar 62 is connactad 
5 to a luaan 68 formad in cathatar body 22. Tha luaan 68, 
in turn, may ba connactad to a source of inflation sadiua 
(not illustrated) through the inflation port 24 on tha 
proxiaal connector 16. In this way, the chaabars 62 and 
64 may be sinultanaously inflated through the single 
10 luaan 68. . . 

The inflatable bladder 60 aay be conveniently 
formed as part of the catheter body 22 by the method 
described in copanding application serial no. 07/449,014, 
tha disclosure of which has been previously incorporated 

15 herein by reference. Briefly, a tube including at least 

two axial lumens is extruded from a suitable 
thermoplastic material, such as a heat-shrin)cable 
polyolefin, preferably being polyethylene or Surlyna. 
one of the lumens is expanded using hot air and internal 

20 pressure, and the flexible torque member 34 and 

housing 32 are inserted therein. Conveniently, a space 
maintainar (not illustrated) , auch as a teflon rod, may 
ba inserted into the second lumen while the flexible 
torque member 34 and housing 32 are being inserted into 

15 the first lumen. The first lumen is then shrunk tightly 

about both the flexible torque member and the housing, as 
illustrated in Pigs. 1*3. The distal portion of the 
second lumen may then be expanded timing heated air under 
prassure to form tha bladdar or balloon 60. A central 

(0 region of tha bladdar may than be shrualc or constricted 

in order to provide the connecting luman 66 while 
retaining tha expanded chambers 62 and 64. The portion 
of catheter body 22 which covers the aperture 44 after 
constriction will typically be cut away to fully expose 

5 the interior of housing 32. An adhesive can ba applied 

around the window opening to further adhere the balloon 
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firmly in plac* opposite the opening without applying 
adhesive to the inflatable portion of the balloon. 

Referring now to Fig. 4, a cutter housing 70 
similar to that illustrated in Figs. 1*3 may be provided 
5 with separately- inflatable balloon chambers 72 and 74 by 

isolating the chambers from one another and providing 
separate inflation lumens to each chamber. As 
illustrated, a plug 76 is provided within the connecting 
lumen 78, and a separate inflation lumen 80 extends 

10 through the primary inflation lumen 82, through the 

plug 76, and into the distal inflation chamber 74. This 
way, the proximal inflation chamber 72 may be inflated 
through the primary inflation lumen 82, while the distal 
inflation chamber 74 may be separately inflated through 

15 the second inflation lumen 80. As illizstrated, the 

chambers 72 and 74 are sised differently, although such a 
design feature is unrelated to the chamber isolation. 

Referring now to Figs. 5 and 6, inflatable 
chambers 84 and 86 may be formed from a single inflatable 

20 bladder extending from a proximal to a distal end of 

housing 88 by wrapping a constrictive band 90 around the 
middle of the bladder. The constrictive band 90 prevents 
inflation of the middle section of the bladder, allowing 
the regions formed forwardly and rearwardly of the band 

25 to inflate without restriction. A single inflation 

lumen 92 may be provided, in irtiich case an inflation path 
between the chamber 84 and the chamber 86 must be left 
throogh the constricted region therebstween. 
Conveniently, a tube or other space maintainer (not 

30 illustrated) may be left between the chambers 84 and 86. 

Preferably, the constrictive band 90 will be 
formed from an elastic material which allows the middle 
section of the bladder to inflate when the internal 
pressure exceeds a certain predetermined threshold. In 

35 this wy, a single, continuous inflated volume, as 

illustrated in Fig. 6, may be provided when desired by 
increasing the inflation pressure to above said 
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prmdmzmrminmd threshold level, such a construction, in 
effort, provides a third inflatable chaaber located 
between the two spaced-apart chaabers which nay be 
optionally inflated in order to change the position of 
5 the housing. 

Referring now to Pigs. 7 and 8, a cutter 
housing lOO having a pair of nested balloons 102 and 104 
is illustrated. The nested balloons 102 and 104 are 
separately inflatable through lUMns 106 and 108, 
10 respectively, rbm outer balloon 104 is capable of being 

inflated to a larger sise, as Illustrated in Pig. 7, 
while the inner balloon 102 is capable of being inflated 
to a smaller size, as illustrated in Pig. 8. This way, 
the treating physician can select the degree to which the 
15 housing 100 is to be laterally deflected without risJcing 

over inflation or dilatation. 

Referring now to Pig. 9, a particular 
eabodinent having separately inflatable balloon 
chanbers 110 and 112 secured to one side of a cutter 
20 , housing 114 is illustrated. The inflatable chaabers lio 
and 112 are foraed froa a single extruded aeaber wherein 
each inflatable chaaber is ea^anded and the region 
between the inflatable chaabers is sealed so that the 
chaabers are isolated froa each other. A flange 
25 eleaent 114 is foraed at the end of the first 

chaaber 110, while a siailar flange aeaber lie is foraed 
at the end of chaaber 112. The flanges 114 and 116 are 
received through ports 118 and 120 foraed through the 
side of the cutter housing 114, as explained in greater 
30 detail in connection with Pigs. 10*13. 

A port in flange 116 opens into region 122 
, within the housing 114. Region 122, in turn, is open to 
central luaen 124 foraed in the flexible catheter 
body 126. Region 122, however, is sealed froa the 
35 reaainder of hoiising 114 by a tubular seal 128 which is 

glued to the inner surface of housing 114. The cutter 
torque cable 132 is able to pass through the seal 128 so 
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that a cottar 130 aountad on tha diatal and of tha cabla 
may ba manipxilatad within tha housing aa daacribad for 
pravioua ambodiaanta. In this way, chaabar 112 aay ba 
inflatad through tha cantral luaan 124 in tha aannar 
5 daacribad in Q.S. Pataat No. 4,669,469, tha diacloaura of 
which has baan praviously incorporatad harain by 
rafaranca. In particular, tha forward inflatabla 
chaabar 112 ia inflatad through a tuba 134 which paasaa 
in through flanga 114. Tuba 134, in tun, ia connactad 

10 to a aaparata .inflation loaan 136 axtandlng through 
cathatar body 126. 

Rafarring now to Piga. 10-13, tha inflatabla 
chanbars 110 and 112 may ba forsad aa follows. An 
axtrudad tharaoplaatic tuba 140 is insartad through 

15 port 116 or 118 in houaing 114 and a cold pin 142 

inaartad through a cantral luaan tharaof • k haatad 
cylindrical pin 144 having a wall 146 for racaiving tha 
cold pin 142 ia than inaartad into tha intarior of 
housing 114 and pushad upward to fors flanga 115 or 116 

20 in tha and of tuba 140, as illustratad in Fig. 11. 

Glua 148 is appliad around tha flanga 115 and 116, as 
illustratad in ?ig. li, and tha tuba 140 is pullad 
upwards so that tha flangas adhara to tha intarior of 
houaing 114. Aftar both anda of tuba 140 ara sacurad 

25 within porta 118 and 120, raapactivaly, tha tuba aay ba 
axpandad using hot air and aoldad into tha daairad 
profila, as illustratad in Pig. 9. 

Rafarring now to Piga. 14 and 15, uaa of tha 
cathatar of Pigs. 5 and 6 in raaoving stanotic aatarial 

30 froB a blood vaaaal m ia illustratad. Tha cathatar 

housing 88 is positlonad within tha blood vassal BV ipo 
that tha cutting apartura 89 liaa proxiaata tha ragloii of 
stanoais S. Initially, inflatabla chaabars 84 and 86 ara 
a^qpandad using an inflation aadiua introducad through 

35 luaan 92 in a convantional aannar. Tha two spacad*apart 

inflatabla chaabars 84 and 86 ara atably poaitionad 
against tha irragular surfaca of tha blood vaaaal wall 
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vhlch liM opposite th* stMOsia S, Thm cutting blad« 
(not illustrated) is then brought forvard and a layer ot 
the stenotic material excised and collected within the 
forward region of the catheter. Optionally^ the 
housing 88 nay be further urged in the direction of 
cutout 89 by expanding the conetricting band 90 by 
increasing the inflation presaure. The emended band 90 
will press against the stenosis on the opposite wall of 
the blood vessel BV to cause additional stenotic aaterial 
to enter the cutout, in turn allovlag such additional 
material to be severed. 

While the invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the 
art that changes in form and detailo may be made therein 
without departing from the spirit and scope of the 
invention. 
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Wai 18 CIATWKP TS? 

1. A catheter cos^rislng: 
a flaxlbla catheter body having proximal and 
5 distal ends; 

an elongate houaing having proximal and distal 
ends secured at its proximal end to the distal end of the 
catheter body; 

interactional means disposed on one side of the 
10 . . housing; - . - 

at least tvo spaced-apart inflatable chambers 
located generally at the proximal and distal ends of the 
housing on a side opposite to that of the interventional 
balloon; and 

15 means for inflating the inflatable chambers. 

2. A catheter as in claim 1, vherein the at 
least tvo inflatable chambers are isolated from each 
other and the means for inflating includes at least tvo 

20 separate inflation lumens, one being connected to each 

inflatable chamber. 

3. A catheter as inc claim 1, vherein the at 
least tvo inflatable chambers are interconnected so that 

25 they are inflated simultaneously by the inflation means. 

4. A vascular catheter comprising: 
a flexible catheter body having proximal and 
distal ends; 

30 an elongate housing having proximal and distal 

ends secured at its proximal end to the distal end of the 

catheter body; 

a cutting blade disposed through an aperture on 

one side of the housing; 
35 an inflatable balloon disposed on the other 

side of the housing and extending generally from the 

proxisAl end to the distal end thereof; 



W09I/12S47 



PCT/US9I/00828 



30 



1» 

an •lastie constrictiva saabar which dividas 
tha balloon into two spacad-apart chaabara at tha 
proxinal and diatal anda of tha houaing, raapactivaly; 

and 

5 aaana for inflating tha balloon to a f irat 

praaaura vhara only tha chaabara aacpand and to a aacond 
prasaura vhara tha antira balloon axpanda. 

5. A cathatar as in claia 4, vharain tha 

10 alaatic conatrictiva aaabar apana tha mlddla ona-quartar 

to ona-half of tha balloon langth. 

6. A cathatar aa in clala 4, i^arain tha 
alaatic conatrictiva aaabar iaolataa tha two balloon 

15 chaabara froa aach othar. 

7. A cathatar aa in elaia 4, lAarain tha 
alaatic conatrictiva aaabar doaa not iaolata tha two 
inflatabla chaabara froa aach othar. 

20 

8. A cathatar coapriaing: 

a flaxibla cathatar body having proxiaal and 
distal anda; 

an alongata houaing having proxiaal and distal 
25 ends sacurad at its proxiaal and to tha diatal and of the 

cathatar body; 

a cutting blada disposad through an aperture on 
ona sida of tha houaing; 

at least two neatad balloons located on a side 
of tha houaing oppoaita to the interventional aaans, 
wharaia an inner balloon ia capabla of expanding to a 
^^"^ 'i** and an outer balloon ia capabla of expanding 
to a aacond alaa graatar than tha first aisa; and 

aeana for aaparataly inflating tha inner and 
35 outer balloons. 
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9* A catheter as In clain 8, vherain the 
blade is circular and tha maans for aoving includes a 
drive cable for rotating and translating the blade past 
the aperture. 

10. A catheter as in claim 8, wherein the 
inflatable chajtiMrs each have a length in the range fron 
about 2 to 15 9B and are separated by a length in the 
range fros about 4 to 30 n. 



11. A method for removing stenotic material 
from a blood vessel, said method comprising: 

positioning a catheter housing having an 
aperture on one side thereof proximate a stenosed region 
15 within a patient's vasctilar system; 

inflating a pair of axially spaced^apart 
inflatable chambers on a side of the housing opposite to 
that of the aperture to urge stenotic material into the 
housing; and 

20 » translating a cutting blade across the aperture 

to sever the stenotic material. 

12. A method as in claim 11, wherein the 
inflatable chambers are inflated to the same pressure. 

25 

13. A method as in claim 11, wherein the 
inflatable chambers are inflated to different pressures 
selected to stabilize the cutter housing. 

30 14. A method as in claim 11, further 

coaprising inflating a third inflatable chamber located 
between said spaced-apart balloon chambers in order to 
change the position of the housing. 
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